Photocatalytic reduction of nitrate ion ) in an aqueous suspension of metal-loaded titanium(IV) oxide (TiO 2 ) was examined in the presence of oxalic acid (OA) as a hole scavenger. Conversion of NO 3 -into ammonia (NH 3 ) competed with hydrogen liberation, and the NH 3 production selectivity increased with the order of loaded metal, (Pt, Pd, Co) < (Ni, Au) < (Ag, Cu), which was attributable to the efficiency of reduction of protons by photogenerated electrons at the loaded metal, i.e., hydrogen overvoltage of the loaded metal.
Introduction
Nitrate (NO 3 - ) is a final product of nitrogen atom oxidation and is one of the most important components of fertilizer. However, NO 3 -is toxic in humans, and the recent 1/9
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gradual increase in the concentration of NO 3 -in ground water mainly due to agricultural effluents has became a serious problem. The World Health Organization has recommended a maximum NO 3 -concentration of 45 mg-nitrogen dm -3 in drinking water [1] .
Photocatalytic reduction (or decomposition) of NO 3 -has been extensively studied by many researchers [2] [3] [4] [5] [6] [7] . It has been found that titanium(IV) oxide (TiO 2 ) itself has no or almost no photocatalytic activity and that loading of metal is necessary for the photocatalytic reduction of NO 3 -.
Recently, Li and Wasgestian [6] Totally, an NO 3 -ion reacts with four oxalate anions to yield NH 3 and eight CO 2 molecules.
Jentoft et al. [7] examined photocatalytic reduction of NO 3 -in the presence of humic acid as a hole scavenger. They reported that spontaneous reduction into nitrite (NO 2 -) of higher toxicity also occurs and that an effective catalytic system is required to reduce the NO 2 -production.
We examined the effect of metal loading onto TiO 2 on the photocatalytic reduction of NO 3 -into NH 3 in the presence of OA, and we briefly show here that the loading of copper or silver remarkably increased the activity and the selectivity for the NO 3 -reduction into NH 3 and, at the same time, the efficiency of OA consumption for NO 3 -reduction.
Experiment
Degussa P-25 TiO 2 was used in most of the experiments because it is known to be one of 2/9 ) and total organic carbon (TOC) in the liquid phase were determined with a TOA Electronics LASA-20 spectrophotometer using kits specified for measurement of each component. The amounts of CO 2 and H 2 in the gas phase were measured using a Shimadzu GC-8A gas chromatograph equipped with Porapak QS and MS-5A columns, respectively.
Results and Discussion
In the presence of OA, NO 3 -was reduced into NH 3 , together with H 2 liberation, as reported previously [6] , while the NO 3 -reduction was negligible in the absence of OA. As a result, OA efficiency, the proportion of OA consumed for the NH 3 production (100 × 8NH 3 /CO 2 ), was low (37.3%). However, the high NH 3 selectivity (97.6%) indicated that 3/9 We have shown that TiO 2 of a large surface area and high crystallinity can be synthesized by hydrothermal crystallization in organic media (HyCOM) [8, 9] and exhibited activity ca.
twice higher than that of P-25 for photocatalytic reactions under both deaerated and aerated conditions [19] [20] [21] [22] . Physical properties of HyCOM TiO 2 can be controlled in a wide range by changing synthesis conditions and post-calcination temperature, and the post-calcination had various effects depending on the type of reaction [20] . HyCOM samples were synthesized, calcined at various temperatures, and used in this reaction. The preparation conditions, BET surface area (S BET ), and crystallite size of these HyCOM samples (not metal-loaded) are summarized in These results suggested that both crystallinity and surface area affect the activity; i.e., the former determines the probability of recombination of e Table 1 Photocatalytic reduction of nitrate in an aqueous suspension of metal-loaded P-25 TiO 2 in the presence of oxalic acid (200 µmol; corresponding to 400 µmol of TOC). -------------------------------------------------------------------------------------------------- 
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